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[Problem] The surface of a crystalline silicon film is greatly uneven, which leads to 
nonuniform TFT characteristics. Further, nonuniformity of doping concentration is also a 
problem. 

[Means for Solution] Structure (+ effect) 

When melting and crystallizing, a magnetostatic field is impressed. Further, doping 
is performed by nuclear transformation by neutron irradiation. Further, oxide silicon phase 
is made to exist under a polycrystalline silicon film. 
[Scope of Claim] 

[Claim 1] A method of manufacturing a thin film transistor, comprising the steps of: forming a 
silicon film whose surface is even on a substrate; and melting and crystallizing the silicon 
film, inhibiting a convection movement of silicon atoms, so that a crystalline silicon film is 
obtained. 

[Claim 2] A method of manufacturing a thin film transistor, comprising the steps of: forming a 
silicon film whose surface is even on a substrate; forming a gate insulating film; and melting 
and crystallizing the silicon film, inhibiting a convection movement of silicon atoms, so that a 
crystalline silicon film is obtained. 

[Claim 3] A method of manufacturing a thin film transistor according to claim 1 and 2, 
wherein the silicon film is melted by laser irradiation. 

[Claim 4] A method of manufacturing a thin film transistor according to claim 3, wherein the 
laser is an excimer laser. 

[Claim 5] A method of manufacturing a thin film transistor according to claim 3, wherein the 
laser is an argon laser. 

[Claim 6] A method of manufacturing a thin film transistor according to claim 1 and 2, 
wherein a convection movement of silicon atoms is inhibited when melting and crystallization 
are performed with a magnetic field impressed. 

[Claim 7] A method of manufacturing a thin film transistor according to claim 1 and 2, 
wherein a convection movement of silicon atoms is inhibited when melting and crystallization 
are performed with a high-pressure inert gas blown. 

[Claim 8] A method of manufacturing a thin film transistor, comprising the step of heating 
crystalline silicon instantaneously at a temperature of approximately 1000 °C or higher and 
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approximately 1400 ""C or lower after the crystalline silicon and a gate insulating film that is 
in contact with the crystalline silicon are formed. 

[Claim 9] A method of manufacturing a thin film transistor according to claim 8, wherein the 
heating of the crystalline silicon is performed by laser irradiation. 

[Claim 10] A method of manufacturing a thin film transistor according to claim 9, wherein the 
laser is an excimer laser. 

[Claim 11] A method of manufacturing a thin film transistor according to claim 9, wherein the 
laser is an argon laser. 

[Claim 12] A method of manufacturing a thin film transistor according to claim 8, wherein the 
heating of the crystalline silicon is performed by high-frequency heating. 

[Claim 13] A method of manufacturing a thin film transistor, comprising the step of 
irradiating a chaimel region of crystalline silicon with a neutron so that a threshold of the thin 
film transistor is controlled. 

[Claim 14] A method of manufacturing a thin film transistor according to claim 13, wherein 
the heat treatment is performed at a temperature of 600 °C or higher, in a vacuum or an inert 
atmosphere after the neutron irradiation. 

[Claim 15] A method of manufacturing a thin film transistor, comprising the steps of: forming 
a silicon film whose surface is even on a substrate; ion-implanting an oxygen ion in depth of 
approximately 100 nm or more from the surface of the silicon film; and melting and 
crystallizing the silicon film so that a crystalline silicon film is obtained. 

[Claim 16] A method of manufacturing a thin film transistor, comprising the steps of: forming 
a silicon film whose surface is even on a substrate; ion-implanting an oxygen ion in depth of 
approximately 100 nm or more from the surface of the silicon film, keeping the substrate at a 
fixed temperature of 500-600 "^C; heat-treating the substrate at a temperature of approximately 
600 ""C or higher, for approximately 10 hours or more; and melting and crystallizing the 
silicon film by irradiating with a laser light so that a crystalline silicon film is obtained. 
[Claim 17] A method of manufacturing a thin film transistor according to claim 15 or 16, 
wherein the substrate is a borosilicate glass. 

[Claim 18] A method of manufacturing a thin film transistor according to claim 16, wherein 
the laser is an excimer laser. 
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[Claim 19] A method of manufacturing a thin fihn transistor according to claim 16, wherein 

the laser is an argon laser. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention belongs] The present invention relates to a basic 
technology of a thin film transistor (TFT) that has a function of a field-effect transistor (FET). 
Further, the present invention relates to a polycrystalline silicon TFT formed under the 
maximum process temperature of approximately 650 "^C or lower. The temperature of 
approximately 650 °C is the highest temperature that a commercially available borosilicate 
glass can bear. Especially, the present invention relates to improvement of the surface 
evenness of polycrystalline silicon, stabilizing treatment of the interior of a gate insulating 
layer and an interface between the gate insulating layer and polycrystalline silicon, further to a 
uniform doping method for a channel region, and ensuring of repeatability of Fermi level of 
carriers in the channel region, and to repeatability of a threshold. 
[0002] 

[Prior Art] As for the conventional technology, the detailed description can be found in 
"Digest of Technical Papers; AM-LCD 98." The known manufacturing method of a TFT is 
also described. 

[0003] Polycrystalline silicon that is an important element of TFT is formed by crystallizing 
amorphous silicon, for example, formed on a substrate. For planarization of the surface of 
crystallized polycrystalline silicon, around the year of 1996, a cap comprising silicon dioxide 
or the like is formed on the amorphous silicon when irradiating the amorphous silicon with a 
laser for melting and crystallization. Since then, there has been no big technical progress. 
[0004] In this case, that is, in the TFT process that includes obtaining instantaneous rapid 
melting, instantaneous solidification and crystallization with a polycrystalline silicon by laser 
irradiation, the maximum temperature of the steady process can be controlled to be 
approximately 650 Practically, since the molten silicon is in contact with a substrate 
instantaneously, a temperature of approximately 1400 ^'C or higher is applied to the substrate 
instantaneously. 

[0005] A borosilicate glass is usually used for a substrate, and it can bear instantaneous heat 
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of 1400 °C, for example. As for the temperature borne constantly, approximately 650 is 
the limit, when common #1737 made by Coming is used for a glass substrate. In this sense, 
limiting the maximum temperature of the steady process to approximately 650 "^C means a lot. 
A stabilizing treatment of the interior of a gate insulating layer and an interface between a 
gate insulating layer and polycrystalline silicon has not specially been conducted. In the 
case of an inverted staggered type, when instantaneous rapid melting of amorphous silicon by 
laser irradiation is performed, a stabilizing treatment is considered to be more or less 
conducted by the heat treatment as a secondary process of the process. 

[0006] Further, doping is performed by ion-implantation. For formation of a complementary 
MOS, the threshold needs to be accurately uniform around 1.5 V. (TFT is all performs with 
enhancement mode.) 

[0007] As for a thin film transistor formed through such process, uniformity of electrical 
characteristics of TFT at initial characteristic and the reliability of the characteristics usually 
become problems. The uniformity of electrical characteristics is evaluated mainly focusing 
on the gate voltage that corresponds to rise of the drain current of drain current-gate voltage 
characteristic, that is, a gate threshold. The reliability is evaluated focusing on change of the 
threshold with time. 
[0008] 

[Problem to be Solved by the Invention] First, for structuring TFT, a surface needs to be even. 
Degree of unevenness of a polycrystalline silicon surface greatly affects the mobility of 
electrons, holes and carriers, and there are critical defects such as nonuniform 
ion-implantation caused by a channel effect or the like when ions are implanted into the 
polycrystalline silicon. Unevenness of a polycrystalline silicon film or the like makes it 
difficult to achieve uniform doping by ion-implantation. Therefore, variation in the 
threshold of FET tends to increase. 

[0009] This condition is shown in Fig. 1 with a structural cross-sectional view. In the figure, 
reference number 1 is a substrate, 2 is a silicon film deposited first, and 3 is a crystalline 
silicon film that has been scanned by an excimer laser of xenon chloride, for example, and 
melted and recrystallized. 

[0010] In the figure, in a usual technology, the roughness of the surface of a silicon film 
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deposited by chemical vapor deposition (CVD), for example, is approximately 0.001 ^m in 
the case where the thickness is approximately 0.05 |xm. As for the unevenness of a 
crystalline silicon film that has been melted and recrystallized is large, and the distance 
between the peak and trough reaches approximately 0.05 [im. That is, the unevenness is as 
large as the film thickness. It can be understood that this is due to the intense convection 
movement of silicon atoms at the time of instantaneous melting. In other words, silicon 
atoms move a lot by the convection movements, which leads to the unevenness. This is a 
consequence from the observation in the case of crystal growth by Chokralski method using a 
silicon single-crystal ingot. 

[0011] Further, the following observation also supports the foregoing discussion. That is, 
when the deposited silicon film is heat-treated at the temperature of from approximately 800 
®C to the melting point of silicon for several hours to approximately 100 hours so that it is 
gradually crystallized, the evenness of the obtained crystalline silicon film surface is 
maintained. For this, the substrate needs to be expensive quartz. 

[0012] The method of improving the surface evenness of a crystalline silicon film that has 
been melted and recrystallized, which was considered around 1995, is to cover the silicon film 
with a cap film such as a silicon dioxide film or a silicon nitride film when melting and 
recrystallization are performed by laser irradiation. The result is, fatal difficulty that the cap 
film breaks occurs, unless the irradiation power of the laser light is reduced. Further, if the 
laser power is reduced, the problem that enough melting and recrystallization are not 
performed arises. The break of the cap film is considered to be due to the intense convection 
of silicon atoms in the molten state. 

[0013] Especially in the case of a staggered type TFT (top gate TFT), it is a great problem 
since the channel region of MOS characteristic where carriers run is highly uneven. Of 
course, there are many problems such as nonuniformity of ion-implantation also in the case of 
an inverted staggered type TFT (under gate TFT). 

[0014] As for this problem, it is considered that there is no clear response with the 
conventional method. 

[0015] Further, as for the integrated circuit (IC) technology, a gate insulating layer is obtained 
by heating single crystalline silicon to approximately 1100 ""C or higher in an atmosphere 
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containing moisture so that the single crystalline silicon is thermally oxidized. By this 
temperature treatment, a dense gate insulating layer with low electrical level and a stable 
interface between a gate insulating layer and polycrystalline silicon with low level are 
considered to be obtained. 

[0016] However, when the present invention is of TFT using polycrystalline silicon whose 
formation temperature is relatively low, a stabilizing treatment of the interior of the gate 
insulating layer and the interface between the gate insulating layer and polycrystalline silicon 
has not specially been conducted. That is the case especially for a staggered type TFT. In 
the case of an inverted staggered type, when instantaneous rapid melting of amorphous silicon 
by laser irradiation is performed, the stabilizing treatment is considered to be more or less 
conducted by the heat treatment as a secondary process of the process. However, in this case 
of an inverted staggered type, optimization is not conducted under the present circumstances. 
This affects the reliability of TFT. 

[0017] Further, control of the TFT threshold or the like, a controlled ion-implantation is 
performed to a channel region of TFT. The semiconductor part is polycrystalline silicon and 
crystal grain boundary exists, so uniform implantation is difficult due to chaimel effect or the 
like. Further, degree of activation of implanted species is affected by the crystal grain 
boundary, so that the doping has local nonuniformity. Further, in the case of TFT technology 
according to the present invention, heat treatment temperature for activation caimot be raised 
enough. Therefore, the activation rate spread around 50 %. That means impurity atoms 
that are not activated exist, which leads to dispersion of carriers, deteriorating mobility of 
carriers. In the normal state of TFT, for forming a complementary MOS with inhibited 
power consumption, the thresholds need to be accurately controlled to be around 1.5 V. It is 
especially the case when structuring a signal processing circuit with this is intended. 
[0018] The process of melting and recrystallization is instantaneous. For example, when an 
excimer laser is used, the pulse width is about 10 nsec to 50 nsec. That is to say, it is a 
process far removed from a thermal equilibrium process. Therefore, the repeatability of the 
control of this process in detail is difficult to be ensured. It is public knowledge that there is 
a problem in repeatability of controlling the time-variant change of the irradiation power 
within the pulse width, and of controlling the peak value of the irradiation power, for example. 



7 



Publication Number of Patent Application 2000-294793 



Therefore, there is a limit to repeatability of the band structure of carriers of a crystalline 
silicon film that is melted and recrystallized. For example, crystal defects or the like, it is 
difficult to always repeat the same condition. Therefore, repeatability of Fermi level of 
carriers or the like is difficult to obtain, and when the foregoing one is used for a channel, the 
threshold has variations. 

[0019] Conventionally, uniformity of the initial characteristic of TFT has been inadequate. 
When a circuit is structured with these TFTs, the variation of the threshold is ± 0.5 V or more 
in the present circumstances, although it needs to be ± 0.1 V or less. Further, the reliability 
is evaluated by the movement of the threshold voltage, using BTS method (Bias Temperature 
Stress method). The specific condition is, for example, impressing approximately 10 V, at 
100 ''C, for 30 minutes, between a gate and a source, and between a gate and a drain. The 
reliability is evaluated by the move distance of the threshold after that. This reliability is 
also inadequate. The needed characteristic is, as threshold shift, 0.1 V or less. However, in 
the present circumstances, it is approximately 0.5 V or more. 

[0020] The required higher limit of the threshold ± 0.1 V is derived fi^om the formation of 
CMOS (complementary MOS), for example. 

[0021] Especially, in the case of a stagger type (= top gate) structure TFT, it is presumed fi"om 
the results of sensitive SIMS (secondary ion mass spectrometry) or the like that progress of 
impurity diffusion from a substrate to a polycrystalline silicon layer contributes to the 
deterioration in the reliability. (Data of Japan Society of Applied Physics) 
[0022] 

[Means for Solving the Problem] In order to solve the above-described problem, the present 
invention provides a method of manufacturing a thin film transistor, wherein a silicon film 
whose surface is even is formed on a substrate, and the silicon film is melted and crystallized, 
inhibiting a convection movement of silicon atoms, so that a crystalline silicon film is 
obtained. 

[0023] Further, the present invention provides a method of manufacturing a thin film 
transistor, wherein a silicon film whose surface is even is formed on a substrate, then a gate 
insulating film is formed, and then the silicon film is melted and crystallized, inhibiting a 
convection movement of silicon atoms, so that a crystalline silicon film is obtained. 
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[0024] Further, melting of the silicon film is preferably conducted by laser irradiation. 
Further, considering the energy absorption of a silicon film, the laser is preferably an excimer 
laser. Especially, the one with oscillation wavelength of around 300 nm is preferable. 
Further, in order to reduce the unevenness of a silicon film that has been melted and solidified, 
a large power laser with continuous oscillation is preferable. In terms of that, using an argon 
laser is preferable. 

[0025] The present invention provides a method of forming a thin film transistor, wherein a 
magnetic field is applied taking advantage of diamagnetism of silicon atoms, in order to 
inhibit the convection movement of silicon atoms when melting and crystallization are 
performed. At the melting part of the silicon film, the magnetic flux density is preferably 
approximately 2000 gauss or more. 

[0026] The present invention provides blowing a high-pressure inert gas when melting and 
crystallization are perforaied, as another means to inhibit the convection. 
[0027] Further, the present invention discloses a method of manufacturing a thin film 
transistor, wherein a crystalline silicon is heated instantaneously at a temperature of 
approximately 1000 ®C or higher and approximately 1400 or lower after a gate insulating 
film is formed, in order to stabilize the gate insulating film and an interface between the gate 
insulating film and crystalline silicon. At that time, heating crystalline silicon by laser 
irradiation is convenient. An excimer laser or an argon laser is cited as the preferable laser, 
as discussed above. Another preferable means is high-frequency heating of crystalline 
silicon. 

[0028] Further, the present invention provides a method of manufacturing a thin film 
transistor, wherein neutron irradiation is applied in order to introduce n-type impurities 
uniformly in a channel region of crystalline silicon, with activation rate of almost 100 %, and 
without heat treatment for activation, to control the threshold of TFT. The neutrons are 
preferably thermal neutrons. Further, after that, in order for recovery of radiation damage on 
a silicon film and for preventing the adverse effect of oxygen impurity defect (usually, oxygen 
atoms are contained at approximately 10^^ atoms/cm^ or more), it is almost essential to 
heat-treat crystalline silicon at a temperature of 600 ^^C or higher in a vacuum or an inert 
atmosphere after the neutron irradiation. 
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[0029] Further, in order to solve the foregoing problem, a method of manufacturing a thin 
film transistor comprising the steps of: forming a silicon film whose surface is even on a 
substrate; ion-implanting an oxygen ion in depth of approximately 100 nm or more from the 
surface of the silicon film; and melting and crystallizing the silicon film so that a crystalline 
silicon film is obtained; is disclosed. 

[0030] More specifically, a method comprising the steps of: forming a silicon film whose 
surface is even on a substrate; ion-implanting an oxygen ion in depth of approximately 100 
nm or more from the surface of the silicon film, keeping the substrate at a fixed temperature 
of 500-600 ""C; heat-treating the substrate at a temperature of approximately 600 or higher, 
for approximately 10 hours or more; and melting and crystallizing the silicon film by 
irradiating with a laser light so that a crystalline silicon film is obtained; is proposed. 
[0031] At that time, a borosilicate glass is preferably used as the substrate, in terms of cost. 
Further, as for the laser, an excimer laser or an argon laser is preferable. 
[0032] 

[Embodiment Modes of the Invention] The present invention is described more specifically 
hereinafter. 

[0033] The unevenness on the free face (the surface opposite to a substrate and is in contact 
with air) of a crystalline silicon film that has been melted and crystallized rapidly on a 
substrate is due to the rapid movement of silicon atoms by the convection when melting, as 
discussed above. Therefore, by speculation, inhibiting the movement of silicon atoms in 
molten silicon, in order to obtain a smoother free face, is proposed. 

[0034] By doing so, local nonuniformity of the implantation density of ion implantation and 
of the activation of the implantation species can be improved. In other words, extreme 
nonuniformity of thickness of a silicon film leads to nonuniform implantation condition. 
Further, when the implantation species are activated by heat, the implantation species or the 
like at an interstitial position are easy to segregate at the uneven portion. 
[0035] Further, it is public knowledge that the mobility of carriers such as electrons 
deteriorates by the unevenness of the channel region where they run. Further, when a TFT 
with a gate insulating film formed in addition to this operates, an electric field concentrates in 
the projection and the depression of the uneven portion, which leads to deterioration. The 
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present invention improves these problems. 

[0036] This also has a side benefit that diffusion of oxygen atoms from a substrate into a 
crystalline silicon film can be inhibited, considering from the experience in a pulling method 
of crystalline silicon film. 

[0037] Further, an excellent method for the case of a staggered type, that is, a top gate type is 
disclosed here. A silicon film is formed on a substrate by chemical vapor deposition (CVD), 
or plasma assisted chemical vapor deposition (plasma CVD), or sputtering. The silicon film 
of this time is an amorphous or microcrystalline silicon film, and the surface is very smooth. 
When the silicon film thickness is approximately 50 nm, the unevenness is 0.5 nm or less 
measured by a profilometer. Next, a film that corresponds to a gate insulating film whose 
thickness is approximately 100 nm is formed all over the surface. For example, for the gate 
insulating film, a silicon dioxide film, a tantalum pentoxide film, an aluminum oxide film,_a 
silicon nitride film or the like is used. As a method for the film formation, CVD, plasma 
CVD, sputtering or the like is used. A film formed by plasma CVD using tetraethoxysilane 
is superior. 

[0038] After that, the silicon film is instantaneously heated and cooled, that is, melted and 
crystallized, so that crystalline silicon is obtained. The method of inhibiting the convection 
movement of silicon atoms is used at the moment of the melting, which is the very thing the 
present invention teaches. 

[0039] As for this, the foregoing discussion is established. And, the gate insulating film and 
the interface between the gate insulating film and the silicon film are exposed to the 
instantaneous high temperature for the melting of the silicon film. Therefore, the energy 
level of electrons caused by incompleteness of the gate insulating film and the interface and 
the like is reduced to some extent. Especially, the defect caused by a small amount of 
oxygen atoms that still exist is removed. In addition, the temperature is rapidly lowered 
down from 1000 **C or higher to 450 **C or lower. Therefore, there is no time for a small 
amount of oxygen atoms to cause donor level. 

[0040] Conventionally, this kind of discussion has been made, but a gate insulating film is 
destroyed by sufficient rapid heating and rapid cooling by a laser or the like. It is considered 
that the movement of silicon atoms due to the melting of a silicon film by rapid heating is 
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drastic, so that the film is damaged. The present invention has been made in view of this, 
and this kind of problem doesn't occur in the embodiment of the present invention. 
[0041] It is preferable that the melting of a silicon film as this is performed by laser 
irradiation, in terms of reducing the thermal burden on a substrate. In addition, a short 
wavelength visible light laser or an ultraviolet laser is preferable as such laser to be used, in 
terms of letting only a silicon film absorb the energy, that is to say, reducing absorption by 
#1737 made by Coming or the like. In terms of this, an excimer laser and an argon laser are 
preferable. 

[0042] More specifically, in order to inhibit the convection movement of silicon atoms at the 
moment of the melting of a silicon film, a magnetic field is applied to the melting portion 
during the melting. A magnetostatic field is preferable, and magnetic flux having 
components parallel to a silicon film is preferable. In addition, the magnetic filed strength is 
preferably approximately 2500 gauss or more in an experiment. 

[0043] It is understood that the convection is inhibited with this because of the diamagnetism 
of silicon atoms. 

[0044] Further, the evenness of a crystalline silicon film (film thickness approximately 50 nm) 
that has been melted and crystallized is improved when the magnetic field strength is large 
enough. The unevenness is approximately 3 nm or less, which is a greatly improved value 
compared to the conventional case. 

[0045] Further, according to sensitive secondary ion mass spectrometry (sensitive SIMS), the 
content of impurity oxygen is as small as 1/10 or less of that of the case where the magnetic 
field is not applied. It seems that the oxygen probably comes from a substrate. When 
#1737 glass made by Coming is used for the substrate, impurities that are considered to be 
diffusion from substrate materials, such as minimal boron and barium in addition to oxygen, 
are also as small as 1/10 or less of that of the case where the magnetic field is not applied. 
[0046] This method is very effective also in the case where a gate insulating film is formed on 
a silicon film and then melting and crystallization are performed. 
[0047] More specific description will be made hereinafter. 

[0048] A method of inhibiting the rapid movement of silicon atoms by the convection when 
the melting and crystallization of a silicon film are performed with a magnetostatic field 
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applied is described here. In Fig. 2, three kinds of methods (a), (b) and (c) are shown with 
cross-sectional views. In the figure, reference number 4 is a substrate, 5 is a silicon film that 
is deposited, 6 is a core, 7 is an electromagnetic coil, 8 is a core, 9 is an electromagnetic coil, 
10 is a laser light, 11 is a core, 12 is a pole piece, 13 is an electromagnetic coil, 14 is a laser 
light, 15 is a core, 16 is an electromagnetic coil, and 17 is a laser light. 

[0049] A borosilicate glass #1737 made by Coming is coated with a silicon dioxide film of 
approximately 500 nm thick by using a sputtering apparatus, so that a substrate 4 is formed. 
Then, an amorphous silicon film of approximately 50 nm thick is formed thereon by plasma 
CVD, keeping the substrate temperature at approximately 320 ^C. This CVD condition 
makes the hydrogen content approximately 0.5 % or less. The cores 6, 11 and 15 are made 
from a block of soft iron or a pipe. Electromagnets are made by wrapping these with the 
coils 7, 13 and 16. In addition, for concentration and direction control of the magnetic flux, 
in a part of study, the pole piece 12 made from soft iron was placed as shown in the figure. 
[0050] The unevenness on the free face (the surface opposite to a substrate and is in contact 
with air) of a crystalline silicon film that has been [sic] rapidly on a surface is due to the rapid 
movement of silicon atoms by the convection when melting, as discussed above. Therefore, 
by speculation, inhibiting the movement of silicon atoms in molten silicon, in order to obtaiii 
a smoother free face, is proposed. 

[0051] By doing so, local nonuniformity of the implantation density of ion implantation and 
of the activation of the implantation species can be improved. In other words, extreme 
nonuniformity of thickness of a silicon film leads to nonuniform implantation condition. 
Further, when the implantation species are activated by heat, the implantation species or the 
like at an interstitial position are easy to segregate at the uneven portion. 

[0052] Further, it is public knowledge that the mobility of carriers such as electrons 
deteriorates by the unevenness of the channel region where they run. Further, when a TFT 
with a gate insulating film formed in addition to this operates, an electric field concentrates in 
the projection and the depression of the uneven portion, which leads to deterioration. The 
present invention improves these problems. 

[0053] This also has a side benefit that diffusion of oxygen atoms from a substrate into a 
crystalline silicon film can be inhibited, considering from the experience in a pulling method 
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of crystalline silicon film. 

[0054] Further, an excellent method for the case of a staggered type, that is, a top gate type is 
disclosed here. A silicon film is formed on a substrate by chemical vapor deposition (CVD), 
or plasma assisted chemical vapor deposition (plasma CVD), or sputtering. The silicon film 
of this time is an amorphous or microcrystalline silicon film, and the surface is very smooth. 
When the silicon film thickness is approximately 50 nm, the unevenness is 0.5 imi or less 
measured by a profilometer. Next, a film that corresponds to a gate insulating film whose 
thickness is approximately 100 nm is formed all over the surface. For example, for the gate 
insulating film, a silicon dioxide film, a tantalum pentoxide film, an aluminum oxide film, a 
silicon nitride film or the like is used. As a method for the film formation, CVD, plasma 
CVD, sputtering or the like is used. A film formed by plasma CVD using tetraethoxysilane 
is superior. 

[0055] After that, the silicon film is instantaneously heated and cooled, that is, melted and 
crystallized, so that crystalline silicon is obtained. The method of inhibiting the convection 
movement of silicon atoms is used at the moment of the melting, which is the very thing the 
present invention teaches. 

[0056] As for this, the foregoing discussion is established. And, the gate insulating film and 
the interface between the gate insulating film and the silicon film are exposed to the 
instantaneous high temperature for the melting of the silicon film. Therefore, the energy 
level of electrons caused by incompleteness of the gate insulating film and the interface and 
the like is reduced to some extent. Especially, the defect caused by a small amount of 
oxygen atoms that still exist is removed. In addition, the temperature is rapidly lowered 
down from 1000 **C or higher to 450 ^'C or lower. Therefore, there is no time for a small 
amount of oxygen atoms to cause donor level. 

[0057] Conventionally, this kind of discussion has been made, but a gate insulating film is 
destroyed by sufficient rapid heating and rapid cooling by a laser or the like. It is considered 
that the movement of silicon atoms due to the melting of a silicon film by rapid heating is 
drastic, so that the film is damaged. The present invention has been made in view of this, 
and this kind of problem doesn't occur in the embodiment of the present invention. 
[0058] It is preferable that the melting of a silicon film as this is performed by laser 
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irradiation, in terms of reducing the thermal burden on a substrate. In addition, a short 
wavelength visible light laser or an ultraviolet laser is preferable as such laser to be used, in 
terms of letting only a silicon film absorb the energy, that is to say, reducing absorption by 
#1737 made by Coming or the like. In terms of this, an excimer laser and an argon laser are 
preferable. 

[0059] More specifically, in order to inhibit the convection movement of silicon atoms at the 
moment of the melting of a silicon film, a magnetic field is applied to the melting portion 
during the melting. A magnetostatic field is preferable, and magnetic flux having 
components parallel to a silicon film is preferable. In addition, the magnetic filed strength is 
preferably approximately 2500 gauss or more in an experiment. 

[0060] It is understood that the convection is inhibited with this because of the diamagnetism 
of silicon atoms. 

[0061] Further, the evenness of a crystalline silicon film (film thickness approximately 50 nm) 
that has been melted and crystallized is improved when the magnetic field strength is large 
enough. The unevenness is approximately 3 nm or less, which is a greatly improved value 
compared to the conventional case. 

[0062] Further, according to sensitive secondary ion mass spectrometry (sensitive SIMS), the 
content of impurity oxygen is as small as 1/10 or less of that of the case where the magnetic 
field is not applied. It seems that the oxygen probably comes from a substrate. When 
#1737 glass made by Coming is used for the substrate, impurities that are considered to be 
dififusion from substrate materials, such as minimal boron and barium in addition to oxygen, 
are also as small as 1/10 or less of that of the case where the magnetic field is not applied. 
[0063] This method is very effective also in the case where a gate insulating film is formed on 
a silicon film and then melting and crystallization are performed. 

[0064] (Embodiment 1) More specific description will be made hereinafter, (a), (b) and (c) 
in Fig. 2 are cross-sectional views for describing the present invention. 

[0065] A borosilicate glass #1737 that is low alkali is obtained from Coming. A silicon 
dioxide layer of approximately 600 nm thick is formed thereon all over the surface by 
sputtering using an RF sputtering apparatus SPF-312 made by Nihon Vacuum, so that a 
substrate 4 is formed. Then, an amorphous silicon film of approximately 60 nm thick is 
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formed thereon. Usually this is formed by CVD, plasma CVD or the like. However, here, 
the film is deposited by plasma CVD using PD-2400 made by SAMCO International, with the 
substrate temperature at approximately 330 ^C. In this condition, the amount of hydrogen in 
the silicon film deposited is very small. In addition, as for the surface evenness of the 
silicon film deposited, approximately 20 nm or less observed by scanning electron 
microscope can be easily achieved. Then, island microfabrication is conducted on this 
silicon film by a known method. 

[0066] The electromagnets for generating magnetic flux are formed by wrapping the cores 6, 
8, 11 and 15, that is, the blocks of soft iron or hollow tubes, with coils. In order to 
concentrate magnetic flux, pole pieces 12 and 16 made from soft iron are placed on the cores 
in some cases. 

[0067] When irradiating laser light, about the way a magnetostatic field is applied, that is, the 
condition of magnetic flux, three methods of applying a magnetic filed (a), (b) and (c) are 
studied. 

[0068] As for Fig. 2 (a), the case where the electromagnets placed above and under the 
substrate are set so that the same polarity faces each other, that is to say. North pole and North 
pole face each other, or South pole and South pole face each other, and the case where 
magnetic poles of different polarities, that is. North pole and South pole face each other, are 
studied. The magnetic flux density around the glass is set, as a result of simulated evaluation 
with a hole element, locally approximately 4000 gauss or more. The results of a simple 
simulation are as follows: in the case where magnetic poles of the same polarity face each 
other, the magnetic lines around the substrate includes components parallel to the substrate 
and components vertical to the substrate; and in the case where magnetic poles of different 
polarities face each other, there are mainly components vertical to the substrate around the 
substrate. As for Fig. 2 (b), it is aimed that magnetic influx parallel to the substrate is 
concentrated around the substrate. For this, the pole piece 12 made from soft iron is placed. 
The magnetic flux density is approximately 3500 gauss. Also, Fig. 2 (c) has the same effect 
as (b). However, (c) has a benefit that the placement of the equipments for laser light 
irradiation is simpler than that of (b), since electromagnets are placed at the reverse side of the 
substrate in case (c). 
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[0069] The point of the present invention is that a magnetostatic field of several thousand 
gauss or more exists at the melting and solidification crystallization portion when a silicon 
film is melted and solidified crystallized. Thus, in the case of a small area substrate 
approximately 40 cm on a side, for example, a magnetic filed can be applied partly 
economically by a conventional electromagnet, or a electromagnet of superconducting coil. 
Of course, in this case, the magnetic lines are parallel to the silicon film surface for 
convenience of laser light irradiation. The present invention includes these. 
[0070] As a laser, chloride chloride excimer laser EMG-203MSG made by Lambda Physik is 
mainly used. The wavelength is approximately 300 nm. With this wavelength, a silicon 
film's absorption is limited to around approximately 50 run from the surface. Under the 
condition of 220 mJ/cm^ per 1 shot of a laser, approximately 40 shots are emitted. The pulse 
width is approximately 35 nsec. The atmosphere is an argon atmosphere of approximately 
10"^ torr. It is ensured that a silicon film is melted in this time under this condition, by 
another experiment. 

[0071] In the present invention first, a current is applied to the coil so that the magnetic flux 
density becomes approximately 3500 gauss -4000 gauss, and a magnetostatic field is applied 
locally to the portion of the silicon film to be irradiated with a laser. Next, this portion is 
irradiated with an excimer laser light under the above-mentioned condition. Further, during 
and after the irradiation, the magnetostatic field is maintained for approximately 5 (tsec. In 
the measurement of reflected light of the silicon film, it is found that the silicon is solidified 
and crystallized in approximately 1-2 jjisec after the end of the laser irradiation. 
[0072] The conventional process of melting and crystallization by a laser light is only laser 
light irradiation. That is to say, the point of the present invention is that it is combined. 
[0073] The smoothness of the surface of the obtained crystalline silicon film is approximately 
3 nm or less observed by atomic force microscope. Especially, in the case of the 
arrangements shown in Fig. 2 (b) and (c), the smoothness is approximately 1 nm or less. As 
for Fig. 2 (a), the smoothness is better when the magnetic poles above and under the substrate 
are the same than when the magnetic poles above and under the substrate are different. 
These show that preferable results are obtained when the magnetic lines are parallel to the 
substrate. Further, it seems to be indicated that silicon atoms are restrained by magnetic 
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lines because of diamagnetism of electron orbit of silicon atoms. 

[0074] After that, a gate insulating film is formed by a known method, that is, plasma CVD 
using tetraethoxysilane (TEOS) and ozone. Further, a staggered type (top gate) TFT is 
formed by a known method. 

[0075] The mobility of carriers in the TFT channel region is improved approximately 40 %, 
compared to the conventional method. Especially, as for the TFT corresponding to Fig. 2 (b) 
and (c), the mobility improves approximately 70 %. This is parallelistic to the smoothness 
of a crystalline silicon film. 

[0076] According to analysis on the crystalline silicon film by sensitive secondary ion mass 
spectrometry (sensitive SIMS), the oxygen concentration in the film is approximately 1/100 
of that of the conventional case. Conventionally, usually, oxygen in crystalline silicon 
functions as donors in many cases, and disturbs the control of doping from the outside. 
However, the present invention prevents this to some extent. 

[0077] (Embodiment 2) (a), (b) and (c) in Fig. 3 are cross-sectional views for describing the 
present invention. In the figure, reference number 19 is a substrate, 20 is a silicon film that 
is deposited, 21 is a cap film (to be a gate insulating film), 22 is a core, 23 is an 
electromagnetic coil, 24 is a core, 25 is an electromagnetic coil, 26 is a laser light, 27 is a core, 
28 is a pole piece, 29 is an electromagnetic coil, 30 is a laser light, 31 is a core, 32 is a pole 
piece, 33 is an electromagnetic coil, and 34 is a laser light. 

[0078] In the same way as Embodiment 1, an amorphous silicon film is formed. Then a 
silicon dioxide film to be a gate insulating film, and in this case, a silicon dioxide film to be a 
cap film is formed by plasma CVD using tetraethoxysilane (TEOS) ozone. The apparatus 
that is used is a liquid source CVD apparatus PD-240 made by SAMCO Intemational. The 
film thickness is set to be approximately 100 imi. 

[0079] In the same way as Embodiment 1, a magnetostatic field of approximately 3000 is 
applied to the irradiation portion at the same time as laser irradiation of the same power. 
This condition is shown in Fig. 3 (a) to (c) typically. 

[0080] Of course, in this case, there is no evidence of the silicon dioxide film above melted by 
the laser irradiation of this level. (The melting point is unclear, but practically, the temperature 
of softening is slightly lower than that of silicon. However, since absorption of laser light is 
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minor, the silicon dioxide film is not heated up to this.) Conventionally, under the condition 
of such laser light, the internal silicon is melted, and the film above as a gate insulating film is 
destroyed by the intense movements of silicon atoms at that time. However, in the present 
invention, no destruction is found. That is, it is considered that the intense movements of 
silicon atoms are inhibited. The case where the magnetic flux includes the components 
parallel to the substrate is preferable. 

[0081] Further, the gate insulating film and the interface between this and a silicon film are 
heat-treated at approximately 1400 This has an effect of removing levels such as levels 
of interface state and the like in a gate insulating film. It is important that the temperature 
1400 is higher than 1000 °C. That is, in a heat-treatment at 1000 ""C or lower, 
approximately lO^Vcm^ of oxygen atoms are prevented from becoming donors. 
[0082] Further, another method to inhibit the convection movements of silicon atoms at the 
moment of the melting of a silicon film is blowing a high-pressure inert gas to the melting 
portion during the melting. As the inert gas, using a high-purity argon gas itself, or a 
high-purity argon gas that includes high-purity hydrogen gas is preferable. The pressure is 
preferably approximately 2 atom or more. (The background atmosphere is 1 atom or less.) 
[0083] Further, in order to inhibit the convection movements of silicon atoms at the moment 
of the melting of a silicon film, a high-pressure inert gas is blown to the melting portion 
during the melting. As the inert gas, using a high-purity argon gas itself, or a high-purity 
s^gon gas that includes high-purity hydrogen gas is preferable. The pressure is preferably 
approximately 2 atom or more. (The background atmosphere is 1 atom, or less.) 
[0084] (Embodiment 3) Fig. 4 is a cross-sectional view for describing the means to inhibit the 
movements of silicon atoms by convection when a silicon film is melted and solidified and 
crystallized. In the figure, reference number 35 is a substrate, 36 is a silicon film, 37 is a 
high-pressure gas introduction pipe, 38 is a high-pressure gas, 39 is a laser light. 
[008S] An amorphous silicon film is formed in the same way as Embodiment 1. The 
atmosphere of the amorphous silicon film is substituted to be argon of 1 atom. Then, as 
Embodiment 1, it is irradiated with a laser light, and melted and crystallized. As the laser, an 
argon laser GLG-3202 made by NEC Corporation is mainly used. A high-pressure argon gas 
(approximately 4 atom) is kept blown from a pore toward the irradiation portion, from right 
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before the laser irradiation till several msec after the end of the laser irradiation in terms of 
time. 

[0086] As a result, the surface unevenness of the crystallized silicon film is approximately 5 
nm or less. 

[0087] Next, a gate insulating film is formed on the crystalline silicon that has been melted 
and crystallized, and then the crystalline silicon is heated instantaneously at approximately 
1000 **C or higher and approximately 1400 °C or lower in order to reduce defects such as 
carrier traps in the interface between silicon and an insulating film and in the insulating film, 
that cause impure energy level. This has crucial effects of improving the mobility, and 
securing repeatability of the mobility, reliability of the mobility, and repeatability of threshold 
of the TFT characteristics. According to a general evaluation, in this heating, the crystalline 
silicon is preferably approximately 1000 ®C or higher and approximately 1400 ^'C or lower. 
When the temperature is raised to 1400 °C or higher, the crystalline silicon is melted again, 
and great attention is needed for the control of the process, (unevenness or the like, for 
example) 

[0088] Probably, the corroboration of this effect is considered to be as follows. According to 
the analysis, approximately 10^^ to lO^Vcm^ of oxygen existing in the crystalline silicon 
becomes solid-solution at 1000 or higher, not becoming donors or the like, and becomes 
harmless. However, when the heat treatment is performed at the temperature lower than that, 
oxygen atoms are precipitated as minute defects, or they behave like donors, although the 
characteristics are improved better than when the heat treatment is not performed at all. This 
inhibits mobility of carriers, and fluctuates the threshold. 

[0089] As for the heating, local heating is advantageous, and thus a laser or high-frequency 
heating is preferable. As the laser, an excimer laser or an argon laser is preferable in terms 
of the silicon film's absorption. The high-frequency heating is preferably microwave of 
approximately little over 100 KHz. 

[0090] After a gate insulating film is formed on the crystalline silicon that has been melted 
and crystallized, the crystalline silicon is heated instantaneously at approximately 1000 or 
higher and approximately 1400 '^C or lower in order to reduce defects such as carrier traps in 
the interface between silicon and an insulating film and in the insulating film, that cause 
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impure energy level. This has crucial effects of improving the mobility, and securing 
repeatability of the mobility, reliability of the mobility, and repeatability of threshold of the 
TFT characteristics. According to a general evaluation, in this heating, the crystalline silicon 
is preferably approximately 1000 ®C or higher and approximately 1400 ''C or lower.. When 
the temperature is raised to 1400 '^C or higher, the crystalline silicon is melted again, and 
great attention is needed for the control of the process, (unevenness or the like, for example) 
[0091] Probably, the corroboration of this effect is considered to be as follows. According to 
the analysis, approximately 10^^ to 10^^/cm^ of oxygen existing in the crystalline silicon 
becomes solid-solution at 1000 °C or higher, not becoming donors or the like, and becomes 
harmless. However, when the heat treatment is performed at the temperature lower than that, 
oxygen atoms are precipitated as minute defects, or they behave like donors, although the 
characteristics are improved better than when the heat treatment is not performed at all. This 
inhibits mobility of carriers, and fluctuates the threshold. 

[0092] As for the heating, local heating is advantageous, and thus a laser or high-frequency 
heating is preferable. As the laser, an excimer laser or an argon laser is preferable in terms 
of the silicon film's absorption. The high-frequency heating is preferably microwave of 
approximately little over 100 KHz. 

[0093] (Embodiment 4) Fig. 5 is a cross-sectional view for describing the present invention, 
that is: after crystalline silicon and a gate insulating film that is in contact with the crystalline 
silicon are formed, the crystalline silicon is heated instantaneously at a temperature of 
approximately 1000 or higher and approximately 1400 or lower aiming at reducing 
adverse electron energy level in the interface or in the gate insulating film. In the figure, 
reference number 40 is a substrate, 41 is a crystalline silicon film, 42 is a cap film for a gate 
insulating film, and 43 is a laser light. 

[0094] First, in the same way as Embodiment 1-3, crystalline silicon whose surface is smooth 
is obtained. If necessary, a gate insulating film is deposited thereon and processed so that a 
composition shown in Fig. 5 is obtained. The crystalline silicon is heated at a temperature of 
approximately 1000 or higher and approximately 1400 or lower. 

[0095] The reason why the heat treatment is limited to approximately 1400 °C or lower is to 
avoid the inconvenience caused by remelting of the crystalline silicon. Silicon is melted at 
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about little over 1400 ""C. In an experiment, the energy application condition (of the laser 
and the high-frequency heating) is actually decided assuming that the boundary temperature 
of melting and non-melting is approximately 1400 °C. The value approximately 1000 °C is 
estimated from calculation. 

[0096] Does a heat treatment at approximately 1000 or higher really help stabilization? 
According to study, in the case of TFT whose electrodes, source and drain regions of n+ or p+ 
are formed by a known means, the rate of change is controlled approximately two times or 
more, compared to the heat treatment is at 1000 °C or lower, according to the reliability 
evaluation by so-called BT (bias temperature stress) method. Although the reason is not 
very clear, it is assumed that impurity oxygen atoms that exist at least 10^^ become 
solid-solution at 1000 ®C or higher, and inconvenient energy level of electrons is not formed. 
According to literature or the like, donor level of oxygen origin is formed when a heat 
treatment is performed at a temperature around 900 °C. 

[0097] The crystalline silicon film formed according to Embodiments 1-3 is smooth. 
Probably because of this, a crack in the cap film for the gate insulating film is not caused at all 
by the heat treatment at approximately 1000 °C. As for a crystalline silicon film formed by 
the conventional method without recourse to Embodiments 1-3, a crack is often observed in 
the cap film for the gate insulating film after the heat treatment at approximately 1000 ®C. 
[0098] For the instantaneous heat treatment at the temperature of approximately 1000 ""C or 
higher and approximately 1400 ^^C or lower, an excimer laser or an argon laser as described 
above is used. 

[0099] Further, the heat treatment at the temperature of between approximately 1000 ^'C or 
higher and approximately 1400 or lower is performed by intermittent high-frequency 
heating of approximately 110 KHz. A figure corresponding to this is not shown here. A 
vertical epitaxy system DC5250 made by Kokusai Electric is used as the apparatus. The 
results are favorable, as the foregoing. 

[0100] Further, as expected, uniform doping of polycrystalline silicon is difGcult. In order to 
improve this, controlling the threshold of a thin film transistor by irradiating the channel 
region of crystalline silicon with thermal neutrons is proposed. By nuclear transformation, 
phosphorus atoms to be donors are uniformly doped. As known, thermal neutrons don't 
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interact with charged particles, and thus have high penetrability. That is to say, thermal 
neutrons uniformly penetrate crystal regardless of a grain boundary and silicon film thickness, 
and some of the thermal neutrons are captured by silicon atomic nuclei. 

[0101] Specifically, it is used that ^^Si, the isotope of silicon mass number 30, absorbs a 
thermal neutron and is beta-decayed to a phosphorus atom ^^P. The half-life is 2.62 hours, 
and ^°Si is contained in regular silicon at 3.09 %, and ^^P is a regular phosphorus atom. It 
needs to be noted that a silicon atom which is originally exist in crystal lattice is replaced with 
phosphorus of the lattice position. In other words, it is very different from the usual doping 
in which many of impurity atoms are in interstitial position first, and then fit in the lattice 
position by a heat treatment. 

[0102] Thermal neutron irradiation is performed by a nuclear reactor, a cyclotron that is dlso 
used for medical practice, or by a neutron radiation apparatus. In the present embodiment, a 
cyclotron for medical practice is used. Approximately five hours are needed as irradiation 

13 • 

time, and as a result, the phosphorus concentration is approximately 3 x 10 . This was 
evaluated from temperature dependency of resistivity and temperature dependency of 
mobility in another study beforehand. Through this study, it is understood that uniform 
doping has been performed. 

[0103] Although the substrate is also irradiated with thermal neutron, of course, in the case 
where #1737 made by Coming is used as the substrate, there is no big problem conceming 
residual radioactivity. 

[0104] Further, after the neutron irradiation, heat treatment is preferably performed to recover 
the radiation damage in the polycrystalline silicon film and the cap film (in the case where it 
becomes a gate insulating film). Especially in order to prevent existing oxygen from 
behaving like a donor, heat treatment at 600 °C or higher is preferably performed in a vacuum 
or an inert atmosphere. 

[0105] (Embodiment 5) Next, Fig. 6 is a cross-sectional view for describing a neutron 
irradiation doping method conceming the present invention. In the figure, reference number 
44 is a substrate, 45 is a crystalline silicon film, 46 is a cap film, 47 is a neutron beam, 48 is a 
neutron generator, 49 is a window for neutron beam penetration. In the present study, a 
cyclotron for medical practice is used as the neutron generator 48. In the figure, the neutron 
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generator 48 is shown typically. 

[0106] About five hours are needed as irradiation time, and then a heat treatment at 
approximately 800 °C is performed by lamp anneal technique for approximately two minutes. 
The atmosphere is a vacuum. As a result, the phosphorus concentration is approximately 3 x 
10^^. This was evaluated from temperature dependency of resistivity and temperature 
dependency of mobility in another study beforehand. Through this study, from resistivity 
measurement and the like, it is understood that more uniform doping than conventional case 
has been performed. In addition, the result of reliability evaluation of TFT is good, 
(evaluated by BT stress method.) 

[0107] A heat treatment at approximately 600 °C or higher is preferably performed to recover 
the radiation damage in the polycrystalline silicon film and the cap film (in the case where it 
becomes a gate film), that is envisioned to occur when neutron irradiation. In the case where 
the temperature is approximately 600-650 ^'C, the heat treatment needs to be performed for a 
long time. In the case where the heat treatment is at 600 or lower, activation rate 
deteriorates greatly, and repeatability of this becomes very bad. This is understood from 
resistance value measurement. This largely relates to variation in TFT characteristics. 
[0108] As for residual radioactivity, when measured by a detector, it is far less than the safety 
standard. In this study, a high purity quartz substrate is used as a substrate, and a silicon 
dioxide film is used as a cap film. It can be assumed that residual radioactivity has no 
problem to oxygen atoms. 

[0109] Further, the present invention will be specifically described hereinafter. Hereinafter, 
a description about a top gate TFT will be given. Although there are minute differences 
between a top gate TFT and a bottom gate TFT, their nature is the same. Thus, a detail 
description of a top gate TFT only will be given. Further, although there are two kinds of 
carriers, electrons and holes to be controlled, their nature is the same. Therefore, electrons 
as carriers, that is, discussion of an n-channel TFT will be made hereinafter. 
[0110] One of the reasons for uniformity of initial characteristic of the TFT is considered to 
be as follows. That is, there are many heating processes in the manufacturing process of 
TFT. At that time, a very small amount (so small as to be hardly analyzed) of diffusion 
occurs from a substrate to a semiconductor film that constitutes TFT, that is, a crystalline 
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silicon film, and causes variation in the condition of energy level of carriers around the 
interface between a gate insulating film and the crystalline silicon film. 

[0111] Further, one of the reasons for the change in reliability of TFT, especially in the 
threshold, is considered to be that a very small amount (so small as to be hardly analyzed) of 
diffusion occurs from the substrate to the crystalline silicon film, due to voltage and 
temperature. 

[0112] Since the section of the crystalline silicon layer that constitutes TFT is different as a 
result in the present invention, the conventional method is reexamined first. 
[0113] Fig. 7 shows a conventional method of manufacturing TFT. In Fig. 7, reference 
number 50 is a substrate, 51 is dehydrogenating-processed amorphous silicon, 52 is a laser 
light, 53 is a crystalline silicon film obtained by melting and crystallization, 54 is a gate 
insulating film, 55 is a gate metal electrode film, 56 is a source metal electrode film and a 
drain metal electrode film, and 57 is a passivation film. 

[0114] A conventional process is described simply. First, an amorphous silicon film is 
formed by a known plasma chemical vapor deposition (plasma CVD). After that, a heat 
treatment at approximately 350 is performed for about an hour in a vacuum atmosphere, 
and dehydrogenating process is conducted, ((a) in the figure) Next, the 
dehydrogenating-processed amorphous silicon 51 is melted and solidified by irradiation of an 
excimer laser of xenon, so that the crystalline silicon film 53 that is recrystallized is obtained. 
((b) in the figure) Further, low ion-implantation of phosphorus (channel doping) is 
conducted to the crystalline silicon portion assumed to be right under the gate metal electrode, 
and high ion-implantation of phosphorus (n+ doping) is conducted to the crystalline silicon 
portion assumed to be right under the source or drain metal electrode. Further, a heat 
treatment for activating the implantation species is performed at approximately 600 "^C for 
about 30 minutes in nitrogen gas stream. Next, the gate insulating film 54 comprising 
silicon dioxide and the like is obtained. The method is, as known, low pressure chemical 
vapor deposition (LPCVD) using a mixed gas of silane and oxygen or these two with 
moisture, or plasma CVD using a mixed gas of tetraethoxysilane and ozone, or the like. The 
film thickness is 0.1 ^im -0.01 ^mi. ((c) in the figure) Next, the gate metal electrode film 55 
comprising aluminum and the like is formed by known electron beam evaporation, 
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photolithography and chemical etching, ((d) in the figure) The portions in the gate 
insulating film 54, that correspond to the source electrode portion and the drain electrode 
portion, are etched by known chemical etching so that they make openings. Then the source 
metal electrode film and the drain metal electrode film 7 are formed in these opening portions 
by known electron beam evaporation, photolithography and chemical etching, ((e) in the 
figure) Next, a silicon nitride film as the passivation film ((f) in the figure) is formed over 
all by plasma CVD. 

[0115] A heat-resisting borosilicate glass or a fused quartz is used for the substrate. A fused 
quartz is very expensive. Practically, it is impossible to use it for production of substrates of 
eight inches diameter or more. Therefore, depending on the circumstances, a heat-resisting 
borosilicate glass such as #1737 glass made by Coming is used most often. However, 
originating in the general manufacturing process, the heat-resisting borosilicate glass includes 
about 0.1 % of alkali elements. The alkali elements or other impurities in the heat-resisting 
borosilicate glass are considered to diffuse to a crystalline silicon film, when manufacturing 
TFT. This phenomenon is considered to be accelerated by heating. This is considered to 
be the cause for variation in the threshold in the initial stage of TFT manufacturing. In fact, 
the variation is conventionally approximately 0.5 V or more. The goal is 0.1 V or less. 
[0116] Further, it is considered that acceleration evaluation of reliability, that is, large 
fluctuation of threshold under BTS method also comes from this. 

[0117] (Embodiment 6) Fig. 8 is a cross-sectional view for describing the method concerning 
the present invention. In the figure, reference number 58 is a substrate, 59 is an amorphous 
silicon film, 60 is an accelerated oxygen ionic current, 61 is an amorphous silicon film with 
extremely low oxygen atom density, 62 is an amorphous silicon film with high oxygen atom 
density, 63 is a laser light, 64 is a crystalline silicon film that is melted and crystallized, 65 is 
a film to be fixed with silicon oxide by electron beam diffraction evaluation, 66 is a gate 
insulating film, 67 is a gate metal electrode film, 68 are a source metal electrode film and a 
drain metal electrode film, and 69 is a passivation film. 
[0118] The present invention will be described using Fig. 8. 

[0119] First, a l.l-mm-thick heat-resisting borosilicate glass #1737 is obtained from Coming 
Japan. An amorphous silicon film of approximately 250 nm thick is formed thereon by 
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plasma CVD using a plasma CVD apparatus PD-2400 made by SAMCO Intemational, Inc. 
Next, island patterning is conducted by known photolithography and wet etching using mixed 
solution of fluorinated acid, nitric acid and acetic acid. Then, a heat treatment at 
approximately 400 °C is performed in a vacuum for about an hour, so that hydrogen is 
detached from the amorphous silicon film, ((a) in the figure) 

[0120] Next, oxygen ions are implanted using NV-GSD-A-160 made by Sumitomo Eaton 
Nova, with approximately 120 KeV worth of energy, and with dose amount of approximately 
1.5 X 10^^/cm^, for about 20 minutes. The substrate temperature is set to be approximately 
400 °C. According to another experiment, the peak of oxygen ion density in the silicon is at 
a depth of approximately 150 nm, and the oxygen density at this peak is approximately 4 x 
10^^/cm^. ((b) in the figure) After that, a heat treatment at approximately 600 °C is 
performed for about five hours. 

[0121] Next, laser irradiation is performed. As a laser, chloride chloride excimer laser 
EMG-203MSG made by Lambda Physik is mainly used. The wavelength is approximately 
300 nm. With this wavelength, a silicon film's absorption is limited to around approximately 
50 nm from the surface. Under the condition of 220 mJ/cm^ per 1 shot of a laser, 
approximately 40 shots are emitted. The pulse width is approximately 35 nsec. The 
atmosphere is an argon atmosphere of approximately 10"*^ torr. It is ensured that an 
amorphous silicon film with extremely small oxygen atom density is instantaneously melted 
and solidified in this time under this condition, by another experiment, ((c) in the figure) 
According to the scanning electron microscope observation of the section of the silicon film 
treated with a laser, the evenness of the surface of the crystalline silicon film obtained by 
melting and solidification is improved almost 10 times, compared to the conventional case. 
This is one of the benefits of the present invention. Further, the existence of the crystalline 
silicon film and the silicon dioxide phase under that is confirmed by electron beam 
diffraction. 

[0122] Next, in the same way as the conventional case, low ion-implantation of phosphorus 
(channel doping) is conducted to the crystalline silicon portion assumed to be right under the 
gate metal electrode, and high ion-implantation of phosphorus (n+ doping) is conducted to the 
crystalline silicon portion assumed to be right under the source or drain metal electrode. 
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Further, a heat treatment for activating the implantation species is performed at approximately 
600 °C for about 30 minutes in nitrogen gas stream. Further, a gate insulating film of 
approximately 80 nm thick is formed by LPCVD furnace (made by Tokyo Electron, mode 
IW-6) using silane-oxygen-based gas, and then microfabrication is conducted by known 
method so that the gate insulating film remains only around the island of the crystalline 
silicon film, ((d) in the figure) 

[0123] Next, a gate metal electrode film is formed. First, aluminum is deposited to 
approximately 800 nm, using EB deposition apparatus (made by NIVAC, EVC500A). Then, 
known photolithography and microfabrication using phosphoric acid - nitric acid - acetic 
acid-based mixed solution are conducted so that the gate metal electrode film is obtained, ((e) 
in the figure) 

[0124] Next, holes are made in the source electrode portion and the drain electrode portion of 
the gate insulating film, using known photolithography and fiuorinated acid-based buffer 
solution. Then, as the foregoing, an aluminum film is formed to be approximately 1.2 [xm 
thick by electron beam deposition method. Further, as the foregoing, the source metal 
electrode film and the drain metal electrode film are formed by microfabrication. ((f) in the 
figure) 

[0125] Further, next, a silicon nitride film as a passivation film is formed all over, by plasma 
CVD. ((g) in the figure) 

[0126] As for the laser to be used, the equivalent results are obtained when an argon laser is 
used instead of an excimer laser. An argon laser GLG-3202 made by NEC is mainly used as 
the laser. 

[0127] Variation in the threshold of TFT manufactured is almost 0.1 V or less, which supports 
the inventor's assumption. In addition, the threshold range is 0.1 V or less, according to the 
evaluation by BST method as described above. 
[0128] 

[Effect of the Invention] When implementing the present invention, a crystalline silicon film 
that constitutes TFT, this and a gate insulating film, or properties of an interface are 
drastically improved. Accordingly, uniform characteristics and improvement of reliability 
can be achieved. Therefore, TFT has a great value which can be applied to a liquid crystal 
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display device, input-output device or the like. 
[Brief Description of the Drawings] 

[Fig. 1] A cross-sectional view to describe a crystallization method corresponding to a 
conventional method. 

[Fig. 2] A cross-sectional view to describe a crystallization method concerning the present 
invention. 

[Fig. 3] A cross-sectional view to describe a crystallization method concerning the present 
invention. 

[Fig. 4] A cross-sectional view to describe a crystallization method conceming the present 
invention. 

[Fig. 5] A cross-sectional view conceming a heat treatment method conceming the present 
invention. 

[Fig. 6] Across-sectional view conceming a doping method conceming the present invention. 
[Fig. 7] A cross-sectional view to describe a crystallization method corresponding to a 
conventional method. 

[Fig. 8] A cross-sectional view to describe a crystallization method conceming the present 
invention. 

[Description of the Reference Symbols] 
1: substrate 

2: silicon film that is deposited 

3: crystalline silicon film that is melted and recrystallized 
4: substrate 

5: silicon film that is deposited 
6: core 

7: electromagnetic coil 
8: core 

9: electromagnetic coil 

10: laser light 

11: core 

12: pole piece 
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13: electromagnetic coil 

14: laser light 

15: core 

16: pole piece 

17: electromagnetic coil 

18: laser light 

19: substrate 

20: silicon film that is deposited 

21: cap film (to be a gate insulating film) 

22: core 

23: electromagnetic coil 
24: core 

25 : electromagnetic coil 

26: laser light 

27: core 

28: pole piece 

29: electromagnetic coil 

30: laser light 

31: core 

32: pole piece 

33: electromagnetic coil 

34: laser light 

35: substrate 

36: silicon film 

37: high-pressure gas introduction pipe 
38: high pressure gas 
39: laser light 
40: substrate 

41: crystalline silicon film 

42: cap film for gate insulating film 
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43: laser light 
44: substrate 

45: crystalline silicon film 

46: cap film 

47: neutron beam 

48: neutron generator 

49: window for neutron beam penetration 

50: substrate 

51: dehydrogehating-processed amorphous silicon 
52: laser light 

53: crystalline silicon film obtained by melting and crystallization 

54: gate insulating film 

55: gate metal electrode film 

56: source metal electrode film and drain metal electrode film 
57: passivation film 
58: substrate 

59: amorphous silicon film 

60: accelerated oxygen ionic current 

61: amorphous silicon film with extremely low oxygen atom density 
62: amorphous silicon film with high oxygen atom density 
63: laser light 

64: crystalline silicon film that is melted and crystallized 

65: film to be fixed with silicon oxide by electron beam diffraction evaluation 

66: gate insulating film 

67: gate metal electrode film 

68: source metal electrode film and drain metal electrode film 
69: passivation film 
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v-V— U— tf— , ^A^^-f v'i'XaSl, EMG-2 0 
3MSGS:«*:i:L.fcfe©Xabofc. iSS«*?)3 0 0 n 

|!?J5 0 nmja< tCfE^n«>, U— »f— (D 1 ->3 hS&fc 
D, 220mJ/cm'2 (7)^^!f=X. ^4 0 ->3 hS8 

l*Lfc. /i;i';^iKili*<j3 5 n#xabofc. Hfflflt^, m 
1 0 ' -3 t o T T<DT)l'=t>fS^m^-C&r3fCo Z.<Dii 

[oo7i]*^B^«, $-r. y-'-SrfigWf -5->U 
n>Mog5{il;i, 3 5 0 0:tfe7X~4 0 

0 0:^;'i7 7>(c^i:^J;-51c. n-f ;Hcm^^SitL, 

^mmmzmaT^. c>^ic, tfiai(D^#x% x^^->-7 
-u— y-*-^^ Cloggy fcMW-r -5. ^eicfigs^ifj, 43 

[0 0 7 2] T'jiiJ. y-*-3ttCJ;-l), ^li- 

[0 0 7 3] #^.nfci^aK->ua>iK®«g®5pt^tt 

tt. ll^W*B««LXO«§glcJ:n«, *«j3nmJEJlTX 
abc>fc. #fC, (02) (b) (c) <DgBg<DiS-&. sp 
mtttt*«J 1 nma"FX$)-5, (02) (a)lC^ViX. 

SfC L ti^^^ A. -5 d i ^^1^ LX 

IC, ->'jn>JS^*JBS:^«it'i*l^$n-5Clt*Bt^L'X 

[0 0 7 4] :i<D&ii, m^o):^ii-ty-jit>-^. 5^h^x 

h^^v-v^^ (TEOS) -^V>m<^-:f7X-7CVD 
[0 0 7 5] TFT'^^^)l^<D=^-rV7<D^mm\t, 

SE^tctb'^, *?J4 0%i«i±L/t. (02) (b) 

(c) »c«^-r-5TFTxtt. ^mmitmi o%0i±v 
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[0 0 7 6] mmm2'A-(:t>mm^m (its^ss i m 

[0 0 7 7] (|^Jg0iJ2) [0 3], (a), (b), 

(c) \t^f^mt:m.mr^rzst>(Dm0S.wimmx'$>^, m 
0ic*3iiT, i9««s, 2 o«a:«^nfc>''ja> lo 

2 2 3 timaSffl 3 -I- 2 4 «J6S'L>, 2 5 « 

massffl=i-r;i', 2 6ttu— tf-?t, 2 7ttsS'u>. 2 8 
tt7p-;ptr-x. 2 9tt«fiS5flin-i';i/. sottu— If 
-Jt. sniffiEiCv 3 2«3j?-;nf-x, ssttmsse 

[0 0 7 8] *2iSt«Jl il^^HfC, #SSI->'Ja>ffi$:J^ 
^bfc. •xh7Xh:^^>'5^7> (TEOS) 

\/>^<D:/7Xv C VDffiTy- hiffeiSMtJ^t-g. 2 lEYb 

rS'— :hv'3:^JW^mSa, M<t:y— :^C VDSM, PD 
-2 4 OTabofeo ^JP, ^10 0 nmtbfc, 

[0 0 7 9] CntC, ^JiE0iJl .hlWl^^tC, 
OU— tf-«rRgi*L-:3-p, Rg#*g5{C|^^tC*?J 3 0 0 0 O 
#JSS«$EplaUfc. (0 3) 

(a) ~ (c) iZ^To 

[0 0 8 0] i/jm, dcDJg^, ±©2^ftvUr]>M 
(lMj^«^I^K(t?tt«)«d*, ^lS±©*H{b©jas«->U 30 

[0 0 8 1] Sfc, ^r'-h^fe^^iS.fctXCiniv'Un 
>JK<i:«lf®«, iKJl 4 0 0*CgSOf^jaSSrStt-5. 40 

*-r-&^;^S:*r*, c:©i 4 0 0'c*<. ^^jiooot: 

0'CtAT©g*mS{x43tiT«. 0 ' 1 8/cin " 3 

[0 0 8 2] -> >J n »KO^SS®Sra«Ci5t>T. 

>^ U n >!1^ Ojfc*8it^lij^iflI$(|-r S 5 — 
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[0 0 8 3] ^fc, i'Un>IKCD^ll!WSKIC*5UiT. 

[0 0 8 4] (||Jg0iJ3) >'Un>M(D®S4-H^bi^a 

*3ViT, 3 5tt««, 3 6«i^«j3>lK. 3 7HiSSJE^ 
^♦^giAA-f:/, 3 8ttiiSBE^#:, 3 9 ttU— tf-i^tT?* 
-5. 

[0 0 8 5] 'J 3 >m(Di^mt. (mmm i ) 

GLG- 3 2 0 2 L.;t'b®T$.-pfc, ^Pb169 

[0 0 8 6] i^a<b-> u n >m<Dmmmihm^. 

[0 0 8 7] -TJ^IC, ^Bl-^^fbLfc^^M>'Un> 

H>''jn>^*«]i 0 0 o-cuAi. mi 4 0 ox:&,T\zm 
f^ts, igaK->u iooo"CK±. *?ji4o 

O'CJiLTd^MSblri. 1 4 0 0'CeA±tCf ^t. i^^M 

llt;^:* mA.\t, mihm . 
[0 0 8 8] Cti«5«l!)m©«#ft«etTroJ;3fc* 
tJgt)tl-5. iJ-t»f{CJ:tx«. ^10"16~10"17 
/cm" 3S«. MSS->'Ja>J::At>THSK*di, 

10 0 o*cet±-etta^L., H:^-«icttXce-r. 
[0 0 8 9] c®j]D^«^gBlinf^j!><^fiJTd&D. 

U— tf-^, iSraftlnif^**M*Lt». U— If-tLT 
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[0 0 9 0] mm-i^miti.ftm^iS'>'j:n><o±izy 

>SriKll 0 0 0'C£A±, ifSll 4 0 o'cetTfcipi^-r^o 

^i(i«o[6]±t, W'mmo^nmii. 

ftM>''Jn>d«^, 1 0 0 OTCe^Ji. 4 0 OTC^T 
*iS^Lti. 1 4 0 ortCitc-r-Si, igSS->U n > 

CO 0 9 1] ::n<Dis)}^<Dmmi^\tsky<D^vf£ 

i:JSt?n-5o 5J-tfflCj;nf^. ii^l0*16~10'l7 
/cm" SSBE, i®aM>'U=i>tc:AcTt.i«)S!^*^ 

1 0 0 o'C£A±-cttB»u, ]^±-mz\tfa-r, 

[0 0 9 2] ;:: (©Jt)Pl^«^gcljof^Ai*-fiJTfe 0 , z. 

T;Prf>^-if-*iMSL<. iiS^iSf^tt*?) 1 0 0 
KH z ^CJ-^'T i7 Dj^d^MS b tit)©Tfeo /to 

[0 0 9 3] (mmm4) *%bj. f /j:t)^igas>'U 

(Dm.m^smi^, mmmz, f^^m^^j^y^mi oo 
ox:£K±, mi 4 0 ox:&rf\zi]m-r^^i:i\zmv, z 

JC*3t,iT. 4 0«»«, 4 1 fii^S»'>U=I>]^. 4 2 
[0 0 9 4] i-r. ilJfi«a|l~3C0iD<, «M*«^«7a: 

mmtrncm, jdxlt, (@5) (dj^ou, m0s.!^^m 40 

;i©i^SK->'J n><&^ 1 0 0 0'C&,±, 4 0 
ox:siTizmfSi-r^, 

[0095] *«ji4o ox:&.T <Dm:mmizm'^vrc<D 

TfS.S. >'i)Zi>\t, 1 4 0 CC^T^SST-S. 

ilKKUctt, ^M-^^MWi^eojaftSr, *?J 1 4 0 0 

mi&mm(D) ^&:i!brz<Di>mvix-$>^, iKii 0 0 ot: 

[0 0 9 6] ii/otizmi 0 0 O-C. UA±OfSftjfflS*<^ 50 
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^$-ti--£.©*^, :KiAtt;:J;tnS, sai<D:5ffiT. miSJgfiS 

StlTJS:-5TFT{C*5ViT, Vi*3«0-&BT (yt-fT;^ 

iag X hUX) ffifr J; sm^tti¥ffitC<t -£)<»:« 100 

" 1 8 tt#ffi-rs^»fii^iS!Siis^*^ 1 0 0 o-ciJAiT 

figLfj:Vit}ftjaiLTI,i-5. 9 0 0X:S«<7) 

[0 0 9 7] (S^«SCaJi~3) {cJ:S)^aK->Un>M 

0 0 0'C©?^M3HrJ:.5y-hif6^1^ffl^^>yyi^coS« 
n, t;'yvi7\t±<1&Z.i^ts.\,^. (^ifi«»Jl~3) fCJ: 

«L«, C1<D*31 0 0 0X:<D^MScoa5i:, hilfei^ 
Mffl 1- -y ^ y ifiWm $ ti S . 

[0 0 9 8] IR^<7>iKjl 0 0 orfiti, 1 4 0 orJEi 
Tlcljnl^»cfeViT«, mm<Ji2:.ots.:si=^>'-^—V—^— 
7 ;u > u — if — ton ^ . 

[0 0 9 9] ii!?n 1 Q¥Luz<Dmmtf=i^mT&mm 
-e, *5iiooo*cei±, ii!«)i 4 o oncetTtcsnl^dtnc^ 

S«««IJ^Xlf^i''>-Sg. H^m^M, DC5 2 0 

[0 10 0] sfc. i^jiy^n-5J;eifc. ^^^->'jr3> 
<Di^-v—\f.>if\ttAi)^u.ii^m\^^^, zci^m^^mt 

[0 10 1] :Rfli:e<»t«. ->Un>0««S:3 0(0^^ 

mm-r^z.t^mm-r^. z(D¥^^m\t, 2. 62mm 

X-$>0, " S i «il^«->'Jr3>Jr3. 09%#*n 
[0 10 2] ^tftt^WBiWtt, S^jPSfctt. EIS^ 
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T, *U3 X 1 0 " 1 3Sft-r*ofc. jintt, ^86. gij 

— fcf > ififiu $ tiT s ©*tai¥p s nfc, 
CO 1 0 3] t£:H. mmizh^mi. m'pit^tmm-^ti 
»«*n-- >i^asi. # 1 7 3 7 t-r-sJi^, 

^eSfcl* tg H-r ^ :^ ^ P^lSttlSlTi^ o fc. 
[0 10 4] ^fc, c:o4'tt^®flgl*«, ^iKa->'jzi 10 

[0 10 5] mmms) ■:3€iz:^^mizm-t^, ■t'tt 
ffi0-eabs, i^sfc*3(.»T, 4 4«a«, 4 5«i^as 

U 4 6 tt^^ -y 4 7 4 8 

(i-ftt^^^^fi. 4 9 it^m^mmmmm-t^^^. 20 

'f ND>S:fi[ofc. I^BItC*5t.»T, •t'tt^^^SB 

[0 10 6] SSt^PtFe^tt, *tJ5B#Ffligi>StL., tJ^'fC, 

*«j8 0 o'Ct;:*f)2 4^, ^>:/7^-;Ptetc<fcOf^«{iau 

T, ^3X10*1 SSST^ofc. CtltS, ^J?), grj 

ttfcffinfctjW-e&ofc (BTX hUXtelCj:^) . 
[0 10 7] t»>tt^M#*l^lC«^$n-5^^S->U=I> 

lHl«©fc«e), *«J6 0 0*CeA±<D^^2ia*^M*LVi, ^6 
0 or- 6 5 0"C(75«^, SRfFBl«>l^jfflS*ii£MITS 
6 0 0*CJKT<D^MS®S^, ffittYt^tt;*:*!!;^ 

^y^iz±^<m^-r^, 40 

[0 10 8] JSSaittllCCJViTa. 7^-<'5=-i':$'-Tiffl 
[0 10 9] $^fc. *%?gir-r>iiT, ur^OM^^m 



•yzfy-hmTFT\z-o\,^x(D^. mm-r^, $etc. 

[0 1 10] KTFT(D«!J»i#tt<Dl^— 14a, — 

Wife, ^/ha (^ai^<i:^ ^j-^w^pjtg^c 

[0 111] TFT<JD(§«tt, MIBHfflcD 

[0 1 12] ;i©^?«tt. TFTS«ifiET'5#-iSSi->>J 

lift. i%*-r-5o 

[0 113] [0 7] iS3fe<D, TFTCOMf^^ffi^J 
SrS^-r. (0 7) JC*5(,iT. 5 0tt»«. 5 1tt]K*3g 

saa$tifc#^aK->'j3>, 52itu—^—yt, 5 sit 

— hmmm. 5 5 h^jsmsK, 5 e «y— 
smffiisi H p-f 5 7 «/i y > 3 

>mx$,^, 

[0 114] mmiz. ^m<Dj:m^m-r. *-r. # 

cvDte) Tj^^-rs, ii!«)3 5 o'c-essm 

, M?Ef$m^x'mmmvx. m:^mmm^f7v m 

m (a) ) . -D^lC, =^^-ty >WX^->T— U— tf— 
MWb, S5IBflJi*5gffla$n;t#SK>''Ja>5 1 S:^ 
Bt • Hft^-a-T. SMSikSnfcigSKvU 3>IIg5 3 
^#-5 (1^0 (b) ) o ^^IC, y— h^SmffiiSTi: 

oot: ■e*«j3 05>ff p. ^^jc. 2S!<k^^«^y6^e,^£ 

^mmm (LPCVD) 5^h^xh4^->v'7>t:*- 

J^J?«, 0. luin~0. 0 1 tfinT&-6 imm 

(c) ) . T;P5x':7A^(ci;2., y-h^SI 
«SK5 5Sr, ^ai©«^Ft'-Af^«S<i:7* hU Vi/ 

(d) ) . wJ^y-hiteSKS 4©y-xmSSR*3J;C/ 
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(e) ) , 'Z>€\z. ±mz, y^XTCVD&(cJ:0. 

/tyz^^-i^3>m mm (f) ) tLTmiti^o=i> 

[0 115] s«tLTtt. um^m^miJ^T.^. m 
ats^Kj&iffitjtiSo mm^^mtm'^iz^mx'$>^, 

s-f >^g««e;±«, ^&\z^-r^<Dit. 10 

fct^it. zi--yif^m. # 1 7 3 7:^?^X 

a&ofc. mmt. 0. ivetTT^-5. 
[0 116] mm^nmmwm, irts.t>-^, bt 

10 117] (*SggiJ6) [S8] «*5!BJtcd^*^^# 
5 8 5 9 «#^!H->'J 3 >il, 6 0 (SSDj^^tl 

IK, 6 3«U— tf-5t, 6 4«^i»i»a-fkLfcieaS>' 30 

'J =1 6 5 ^|5]^i¥ffi-eK<t; 5> U n > i [ffi^ 
Sn-5K, 6 6 «y- h«feiifeM, 6 7 K^^SS 
IK, 6 8 «y-X^SSffilKt H U-f >^S«@M, 6 

CO 1 1 8] (0 8) ^m-DX. *%Hj^gjBj-ri.. 

(0 1 1 9] S-r. • 1 . 1 

mniPCDB^ttaBagE:^f7X. # 1 7 3 7 SrA^bfc. 

y^XvCVDSS. PD- 2 4 0 0 S-<sE(.i, y^XV 
CVDjiT. iKj2 5 0 nmJPOl^SK->Un>K=&JgfiK 40 

y ®! - - BfKJgSKfc J; * SiCx A - 

~yif-r^. r:>^\z. *^>f. 0 or T^mFBT 

(1^0 (a) ) . 
[0 12 0] t3€riC, tt^-f- h>yASg, NV-GS 
D- A - 1 6 0 Srffllri. 1 2 0 K e VffiScDX^;!/^ 
— T. H— XS. *?I1. 5xi0"l8/cm"2i: 

OOt; icLfc. giJ©j|»(CJ;n»f, v'U n>«f CDg^as 50 
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•1"^>^S©t:— ifii$*>J 1 5 0 nmlcabD. dO 
tf-57<Dg!^^g^«*94 X 1 0 " 2 2/cm " ^X^r3 

tc mm (b) ) , z(o$,t, *«j6 0 o*c . msm 

[0 12 1] O^JC, U— tl-'-^SrfiaWLjt. U— tf- 
v^^^XttSI, EMG- 2 0 3MSG&»*tLfe 

T-tt, ->ur] >ttw®:iR«, ^mms 0 nmrnKizm^b 

n^. U-— if— O 1 v'H habfcD. 220mJ/cni 
3 5 nS>-ei&-:3fe. I?ffl^tt. ^10"-3torrO 

-rSCD«, giJO^g^-CfltSLfc (1^0 (c) ) . U— If 

^jU! • miti^xmcm^ms^ u n 

^SKv- U 3 >Ki:-^(DTgCO 2S!ffc]^§||«0#«Ett. 

[0 12 2] o^jc. ^tJtEira^tc, y-h^jg«Sit 

6 0 or T*?J3 O^J-fr-S. $^>tC. ->7 >-S!P^I^;t; 
XSrfflt^i/J:. LPCVDJP (m:^XU'i7 h P>S, MiC 

iw-6) &imm8 0 nm<oy-hmmM^i&^ 
coy-h«feiHtiK*ia#t-sj:-5. ^!Si^ll^^DILfc 

([^0 (d) ) . 

[0 12 3] -zf^iz. ^-h^mmmm^m^t^o * 

-r, EB^««g (B**S (») Sa. EVC 50 0 
A) T;1/5X'^A$'^8 0 0 nm, ^^-T-S. 

ffiSE-»i!E^ig?eTlRiBBJnibT»>S: (e) ) . 

[0 12 4] o^iCs m^<Dyit h u yi^^^^^-— ffii5 

X'^AM^^'Jl. 2 itm;plC7ii^J;c)J^fi£L, SeJCffiT 
m<D^Z>\Z, SiiSffllniILTy-X^JS«@M<i: KU'f > 
^JSUffiM^^^L;^ (1^0 (f) ) . 
[0 12 5] ^<E>\Z, O^-IC. ^^XVCVD 

}gfi£-r«> (1^0 (g) ) . 
[0 12 6] — tf-tLTfi, X^^->V 
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=f>U'— tf— . GLG- 3 2 0 2 5r«*<i:L;tfeWTife 22 m-L- 

r^fc, 2 3 mm^m:n-()v 

[0 12 7] ai5t5±*^oitTFTOBtIieEatt©(ie)-^^ 2 4 e-L^ 

a. 0. 1 VK^TT^O. «#(7)<gtK5ra#tt-2) 2 5 HJlSffln-f;!/ 

"bOT*t>;t. *fctf|j2EOJ:-5«CBTSfeCDi¥jffilCj;n 2 6 U— if— 7t 

Wffitafflog5»i|S«0. 1 veATTa&o:fc. 2 7 fiS'L- 

[0 12 8] 2 8 7j^-;H:f-X 

Si^||H>'U3>I^-^, Jiniy-MfeiStlK, 10 3 0 tf-^t 
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30 


5 0 


S« 


1 s« 
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mm • ^s^b LTf# e>n^^ss-> u >m 
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5 4 




5 a:«^nfcvun>iK 




5 5 




6 m*Ly 




5 6 








5 7 




8 fiS'L^ 




5 8 
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5 9 




1 0 l/~if->t 


40 


6 0 




1 1 m^L^ 




6 1 




1 2 




6 2 




1 3 «^:Effin<;u 




6 3 




1 4 !f— ^ 




6 4 




1 5 




6 5 




1 6 5^^~;ubf-x 




6 6 




1 7 masffln-f ;!/ 




6 7 




1 8 U-1f— 3t 




6 8 




1 9 S« 
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